P revious research has demonstrated that children transferred and directly admitted to PICUs from referring emergency departments (EDs) have higher severity of illness at admission than children admitted directly to the PICU from EDs within the same hospital as the PICU (1) (2) (3) (4) . Higher severity of illness is associated with higher morbidity (3) (4) (5) (6) , higher mortality (1, 3, (7) (8) (9) , longer length of hospital stays (1, 5) , and higher resource utilization (1, 5, 9, 10) .
The higher severity of illness among children transferred from referring EDs can be partly explained by the lack of pediatric subspecialty expertise (11) (12) (13) (14) , experience (11, 14) , equipment (14) , and infrastructure in EDs (14) located within nontertiary children's hospitals. Lower annual pediatric volumes and the regionalization of pediatric specialty care make it difficult to maintain the sufficient infrastructure and clinical staff specialized in the care of seriously ill children. Because of this, telemedicine has been increasingly used by referring EDs to address disparities in access to pediatric subspecialists (15) . Data from previous research have demonstrated that the use The authors have disclosed that they do not have any potential conflicts of interest.
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Impact of Telemedicine on Severity of Illness and Outcomes Among Children Transferred From
Referring Emergency Departments to a Children's Hospital PICU* of telemedicine to support the care of seriously ill children in referring EDs results in higher provider and patient satisfaction (16) (17) (18) (19) , improved clinical outcomes (20) , fewer medication errors (12) , and higher quality of medical care (17, 21) . Pediatric telemedicine consultations can sometimes obviate unnecessary transfers (20) (21) (22) (23) , facilitate timely and appropriate stabilization prior to and during the transfer process (22, 23) , and may result in lower severity of illness at admission to the PICU and improved outcomes.
Although many telemedicine programs have been implemented in the recent past, few studies have evaluated the impact of these programs on pediatric patients transferred for direct admission to PICUs. The objective of this study was to compare characteristics of and outcomes among seriously ill children admitted to a children's hospital PICU from EDs with and without access to pediatric critical care consultations using telemedicine. Using a subcohort of our sample, we also compared the characteristics of and outcomes among children transferred to the PICU from referring EDs before and after the implementation of a pediatric critical care telemedicine program. Our hypothesis was that the presence of a telemedicine program would result in more appropriate therapies and improved stabilization of patients such that these children would arrive less sick and have better outcomes than children transferred from EDs without a telemedicine program.
MATERIALS AND METHODS

Patient Population and Data Source
We analyzed all pediatric patients (<18 yr old) admitted to the PICU at the University of California, Davis Children's Hospital, directly from a referring ED between 2010 and 2014. Referring EDs are located throughout a 33-county region covering 65,000 square miles, include both urban and rural/underserved areas in Northern California, and serve approximately six million people. Pediatric patients are transferred from referring EDs to the PICU at the discretion of the referring ED physicians and/or the recommendation of the consulting pediatric critical care physician.
Data were abstracted from the UC Davis Children's Hospital Virtual PICU Performance System (VPS) database, which is part of a national collection of high-quality data elements used for internal and external benchmarking to better understand, evaluate, and improve care and outcomes of critically ill children (24) . All patients admitted to the PICU are entered into the database, which includes patient demographic information, diagnostic data, and the physiologic and laboratory data needed to calculate illness severity (25) . The UC Davis PICU uses the VPS-recalibrated coefficients for the Pediatric Risk of Mortality (PRISM III) as its preferred measure of severity of illness and mortality prediction algorithm (26) .
Telemedicine Overview
The Pediatric Critical Care Telemedicine Program at the UC Davis Children's Hospital was initiated in 2000 and provides telemedicine consultations to approximately 8.6% of the critically ill pediatric patients transferred from participating referring EDs (27) . To request a consultation, a remote ED physician calls a toll-free number and a UC Davis pediatric critical care physician is then paged to initiate the consultation. The telemedicine consultation consists of audiovisual interactive communication involving the patient, parent/guardian, referring ED providers (physician, nurse, and respiratory therapist), and the pediatric critical care physician. The telemedicine equipment consists of a pole-mounted turn-key videoconferencing unit (e.g., Polycom or Cisco), a high-resolution monitor, and uninterrupted power supply. The video camera is capable of 10× zoom, remote control, pan, and tilt capabilities (17) . Upon concluding the consultation, an electronic health record note is either electronically transferred or faxed to the referring hospital to be included in the patient's medical records (17, 27) .
Outcome Measures
We compared demographic factors, such as age, and other factors known to be associated with severity of illness at PICU admission, including ground transport distance and day and time of admission. Transport distance is directly proportional to transport time, and longer times could result in physiological deterioration and/or improvements prior to PICU admission. Prior research has demonstrated the association of day and time of admission with severity of illness and clinical outcomes (28, 29) . Time of admission was categorized as daytime (8 am to 8 pm) or nighttime (8 pm 8 am). Day of admission was categorized as weekday (Monday to Friday) or weekend (Saturday and Sunday). We also compared clinical factors, such as illness severity as measured by the PRISM III score, PICU length of stay, mortality, and disposition.
Two separate analyses were conducted. First, we compared factors among all children transferred to the UC Davis PICU from referring EDs with and without access to pediatric telemedicine. Second, among hospitals that obtained access to pediatric telemedicine during the study period, we compared pretelemedicine factors to posttelemedicine factors. This allowed us to further improve the comparability of telemedicine and nontelemedicine groups by minimizing bias because of unknown hospital-associated factors in our study groups. To evaluate the association between the existence of a telemedicine program in referring EDs and the PICU risk-adjusted mortality after admission, we also compared standardized observed-to-expected mortality ratios (ratio of observed number of deaths to the number of deaths predicted by the PRISM III score) among nontelemedicine and telemedicine cohorts, as well as the pretelemedicine and posttelemedicine cohorts.
Statistical Analyses
We performed all statistical analyses by using Stata Statistical Software: Release 13 (StataCorp, College Station, TX). For baseline univariable comparisons, we used the Student t tests for continuous variables and the chi-square test for categorical variables. We performed multivariable linear regression to compare severity of illness among patients transferred from EDs with telemedicine to those transferred from EDs without telemedicine, adjusting for confounders such as age, transport distance, and day and time of admission. To compare PICU admission severity of illness among patient cohorts before and after the implementation of telemedicine at referring EDs, we performed a linear regression analysis and adjusted for clustering at the hospital level using cluster robust ses. p values less than 0.05 were considered statistically significant. The Institutional Review Board at the University of California, Davis, approved this study.
RESULTS
A total of 582 patients were transferred directly to the PICU from 15 EDs with pediatric telemedicine and 524 patients were transferred from 60 EDs without pediatric telemedicine. As shown in Table 1 , children transferred from EDs with telemedicine were significantly younger (5.6 vs 6.9 yr; p < 0.001) and were transported over a greater distance (72.4 vs 63.1 miles; p < 0.05) when compared with children transferred from EDs without telemedicine. Fewer children transferred from EDs with telemedicine were admitted during nighttime hours (56.0% vs 63.9%; p < 0.05); however, children transferred from EDs with telemedicine had similar rates of admission during the weekend (31.8% vs 29.2%; p = 0.35) compared with children transferred from EDs without telemedicine. In terms of clinical factors, patients transferred from EDs with telemedicine arrived to the PICU less ill (PRISM III score, 3.2 vs 4.0; p < 0.05) compared with patients transferred from EDs without telemedicine (Table 1) . We did not find statistically significant differences in lengths of stay (3.1 vs 3.8 d; p = 0.11) and observed mortality (2.4% vs 4.4%; p = 0.07) between children admitted from EDs with telemedicine compared with those admitted from EDs without telemedicine. After adjusting for age, transport distance, and time and day of admission, children admitted from EDs with telemedicine had lower PRISM III scores on presentation than children admitted from EDs without telemedicine (β = -0.74; 95% CI, -1.46 to -0.01; Table 2 ).
During the study period, four EDs obtained telemedicine capabilities. Among this cohort, there were 95 patients in the pretelemedicine cohort and 43 in the posttelemedicine cohort. Baseline characteristics of the pretelemedicine and posttelemedicine patient cohorts are shown in Table 3 . In general, findings were consistent with the entire telemedicine versus nontelemedicine cohorts; however, the differences were not statistically significant, including PRISM III scores (3.8 vs 2.5; p = 0.22) and length of stay (4.1 vs 2.4 d; p = 0.22).
Regression analysis of the subcohort demonstrated that patients transferred after the implementation of telemedicine had lower PRISM III scores (β = -1.2 units; p = 0.03) than patients transferred before the implementation of telemedicine. The O/E ratios of posttelemedicine, pretelemedicine, and no-telemedicine cohorts were 0.81 (95% CI, 0.53-1.09), 1.07 (95% CI, 0.53-1.60), and 1.02 (95% CI, 0.71-1.33), respectively. The O/E ratios were not statistically different from one another.
DISCUSSION
In our study, we evaluated the impact of a pediatric critical care telemedicine consultation program for referring EDs on the severity of illness of children arriving to a tertiary care children's hospital PICU. We found that children transferred from EDs with telemedicine capabilities were significantly less sick on arrival to the PICU, suggesting better care and more appropriate stabilization than that of children transferred from EDs without telemedicine capabilities. This finding was consistent even after adjusting for confounders. Among a subcohort of children from hospitals that initiated telemedicine during the study period, those transferred from EDs to the PICU during the posttelemedicine period were significantly less sick on arrival than those transferred from the same EDs during the pretelemedicine period. We also found that standardized mortality ratios (O/E ratios) were lower than 1.0 for children admitted from EDs with telemedicine and among the posttelemedicine cohort and higher than 1.0 for children admitted from EDs without telemedicine and among the pretelemedicine cohort. These findings suggest that access to telemedicine consultations with pediatric critical care specialists during the initial treatment of children in EDs might offer an opportunity to reduce mortality.
Our study adds to the existing body of knowledge about the variation in illness severity among children admitted to PICUs from different hospitals and hospital locations. The finding that children transferred from EDs lacking pediatric expertise are more ill when they arrive at a PICU in a tertiary care children's hospital is in agreement with previous literature (1) (2) (3) (4) . Improving the initial care that these children receive in referring EDs could likely improve clinical outcomes and reduce burdens associated with increased morbidity, length of stay, and mortality (30, 31) . In the case of children who are not critically ill, appropriate pretransfer care might also prevent unnecessary and resource-intensive emergency transportation to a distant and possibly overcrowded PICU (20, 22, 23, 32) .
Since the 2006 release of the Institute of Medicine's report (33) , "The Future of Emergency Care in the United States Health System, Emergency Care for Children: Growing Pains," the medical community has realized that with the regionalization of pediatric emergency services, there are significant disparities in the ability of different EDs to care for seriously ill children (34) . A recent assessment of EDs underscored the association of annual patient volumes with pediatric readiness for day-to-day and disaster care (35) . Readiness was also associated with the presence of physician and nurse pediatric emergency coordinators. Although there have been improvements in pediatric readiness of all EDs over the past decade, there remain opportunities for more EDs to become compliant with national guidelines. Only 12% of California-based hospitals and 10% of all U.S. hospitals have both an ED and PICU to evaluate and manage critically ill children (35, 36) . Thus, it is imperative that EDs without 24/7 access to pediatric subspecialists identify solutions to improve pretransfer care of this extremely vulnerable population.
The majority of children receive emergency medical care in rural, community, and otherwise nonchildren's hospitals (14, 35, 37) . Although most EDs provide high quality of care to children, particularly among the most seriously ill, literature suggests that care provided in nonchildren's hospitals may have lower ratings for quality of care and higher rates of adverse events, such as medication errors (13, (37) (38) (39) . The use of telemedicine to access pediatric expertise has been shown to be well received as a potential solution to increase access to specialty care (19) . It has also been suggested that telemedicine consultations could serve as opportunities for building collaborative relationships with more experienced practitioners at tertiary care children's hospitals, which has implications for workforce recruitment and retention (19) . Hence, in addition to having a potential impact on improving outcomes among children receiving care in the ED, the use of telemedicine may also indirectly improve quality of care by mitigating staffingrelated issues common to rural health systems.
Our study has several limitations. First, there may be inherent differences between hospitals and EDs that participate in the telemedicine program and those hospitals that do not participate in the program. The hospitals represented a convenience sample based on their need, interest in participation, and relationship with UC Davis. Second, the sample size for our subcohort analysis comparing illness severity in pretelemedicine and posttelemedicine cohorts is small, which might limit the detection of a true effect of telemedicine in this context. However, given our relatively short study period and the low volume of critically ill children needing transfer at referring EDs (27) , this analysis still provides useful insight into the clinical impact of telemedicine consultations with PICU-based pediatric subspecialists. Third, our study does not address the possibility that the lower illness severity of children transferred from EDs with telemedicine capabilities may simply be a consequence of transferring children who are less sick. Without detailed information on the therapies and interventions performed in the EDs as a result of the telemedicine consultations, we are unable to directly attribute the lower PRISM III scores on arrival to the PICU to the telemedicine program. However, our claim finds support in prior research showing that pediatric critical care telemedicine programs in EDs were effective in lowering transfer rates of children to facilities providing higher levels of care (21) . Fourth, we considered the intervention in this study to be the telemedicine program and not the specific consultation modality-so not all patients transferred from EDs with telemedicine received a telemedicine consultation. We conducted our analysis this way because of the selection bias that would be introduced if we considered the nonrandom mode of consultation to be the intervention. Last, the EDs transferring patients to the PICU during the study period may not be representative of other referring EDs, potentially limiting the generalizability of our findings.
Our study conclusions are based on the assumption that all EDs that have access to telemedicine are using them appropriately for patient consultations. However, many EDs might be underusing their telemedicine capabilities, particularly just after installation because of limited proficiency and comfort of the staff with the equipment, the change in relationships with consultation providers in the PICU (19) , and the tendency to continue using established methods of obtaining telephone consultations. Thus, our estimates of severity of illness for the posttelemedicine group could be overestimated. However, even if this were not the case, our inference that telemedicine consultations assist in the initial ED care and help lower the severity of illness of children on arrival to the PICU would not change. Hospitals were not randomized to telemedicine installation, so our results could be subject to confounding bias. We tried to minimize this bias by adjusting for all possible confounding variables reported in the previous literature and accounted for clustering by hospital in the secondary analyses.
We measured each patient's severity of illness using the PRISM III score, which is calculated using physiological measures recorded within the first 24 hours of admission into the PICU (26) . Although PRISM III estimates the risk of mortality on admission to the PICU, the score does not account for the illness severity when the child first sought emergency care at the referring ED. Prior treatment and stabilization at the referring ED could temporarily mask severe morbidity and lead to underestimation of the illness severity score on arrival at the PICU (1, 3, 4, 21, 40) . This could possibly introduce a leadtime bias and result in higher O/E ratios; however, the O/E estimates for children admitted from EDs with telemedicine were lower than 1.0 (5).
CONCLUSIONS
Children transferred from EDs participating in a pediatric critical care telemedicine program arrive to the PICU less sick than those transferred from EDs without access to telemedicine. Studies evaluating the impact of telemedicine at the patient level are needed to provide further evidence that telemedicine consultations improve pretransfer care.
